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DESCRIPTION 



FT ^ D no»rvrnr,PAPHIC ™ AND IMAGF FORMTNG METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of 
PCT/JP00/01678, filed March 17, 2000, which is based upon 
and claims the priority of PCT/JP99 /03822 , filed July 15, 
1999, the contents being incorporated herein by 
reference . 

TECHNICAL FIELD 

The present invention relates to an 
electrophotographic toner and, more particularly, to an 
electrophotographic toner, suitable for use in a flash 
fixing system, which can be used advantageously as a 
developing agent in various imaging apparatuses employing 
the electrophotographic system such as, for example, an 
electrophotographic copying machine, an 

electrophotographic printer and an electrostatic printing 
machine. The present invention also relates to an unage 
forming method which employs the electrophotograph: 



nc 



toner 



BACKGROUND ART 

As is well known, the operation of an 
electrophotographic system, which has been widely used in 
copying machines, printers and printing machines, 
generally includes the following steps of: 

(1) charging a photoconductive material; 

(2) exposing the photoconductive material (formation of a 
latent image); 

( 3 ) developing the latent image with a developing agent 
(formation of toner image); 

(4) transferring the toner image onto a recording medium; 
and 

(5) fixing the transferred toner image. 
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a heat roll fixing 
In the final fixing step ,5, a heat ^ ^ 

system which applies pressure to the tone y 

J . n__ t herebv to melt and fix tne 

heated fixing roller thereby 

a cheap apparatus can be provided because «*• 
fixed at high temperature under pressure and als the 
toner surface becomes smooth by pressing with a roller 
her b making it possible to enhance the printing 
density, on the contrary, this fixing 
disadvantages in that the recor ding " 
t o high temperature after £ < £ 

occurs because the fixing roller is sta icult 
toner and also has disadvantages in that it is di 
t o achieve high speed operation due to 
paper and the toner is difficult to fix on a sealed 
card whose surface is coated with glue. 

on the other hand, the flash fixing system has 

vari ous noticeable merits, although * ^™^T 

^ ac a liaht source has to d« 

that a flash tube used as a lignt 

, „ Q The tvoical merits are as 

provided at a low price. The typic 

f0l Tl'> The toner can be fixed on a recording medium 

w ithout maKing contact because the toner is 

exposure to light, and therefore tube 

^r,A offset are eliminated, aiuiuuy 
paper and ottset cue i-h^refore 
Led as the light source is expensive and the 
neither staining of the image (offset, du g 
fixation nor reduction of the resolution ,spre 
image caused by passage through upper and lower 

15 re ::rthl d degree of freedom with respect to design of 
the toner and fixing equipment is large because^ 
specific design for preve ntion of stai 

recognised during '^^"tTtlr. application 
addition of wax as a releasant 
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oil as a releasant onto the fixing roller or 
of silicone oil as a reiea 

the like, is reqUi " d ; chieved teg ardless of the Kind 

/•*\ Fixation can be acnieveu j-^^ 

(3) nxdti^ recording 
-i ^Aterial and thickness) of tne 
(for example, material 

paper to be used, thieved because 

,4) High-speed recording can be oocurs 
,.„„., the recording paper nor orisei o 
neither ° £ the r ^ ^ ^ 

aftpr the fixation, as ae^ iA 

tilixed easily on a special recording paper such as 
5eal 1„ P :rew C : r £ d *an y advantages as described above the 

machines. em in more detail, 

Describing the flash fixing y 

hitherto, various •^"•'"^^ ^^ion. Por 
specially designed and P«™^ Auction <Ko*ai, 
example, Japanese ""examined Patent 5 , 3 3 0 , 870) 
«o. 5-107805 (corresponding to U.S. P ^ 
discloses an electrophotograpnu. 

or the 

„hich is less liKely to cause odor * te - 

UKe due to -composition and cap ^ 

without <™ T polyester re sin used as a binder 

Chara °rs r r b tai d rem an acid component, SO »M of 
resin is obtained acid d icarboxylic acid, 

which is composed of a phtha ^ ^ ^ 

and an alcohol component 80 -ol japanese 
composed of bisphenol A „„. 7 . 72657 

^examined Patent * ^ng apparatus, which 

discloses a toner fo envit o„mental stability 
i. superior in flash ^^Jj characterized in that 
and void resistance. This toner polymer 

• v,4- rii Q-t-ribution of a poiyestei ^ j 
a molecular weight distriDu^x 

U sed as an essential — 1, tlr toner is 
, plurality of -^J^ e«2ned Patent Publication 

;r.at rr i o r Th is «~ - — * 
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charac.eri.ed in that it contains, a, an 
constituent component of the toner polyeste and 
polyether, or polyester modified with polyet Her. 
Japanese unexamined Patent Publication (xoxai. Ho 
e7 ». discloses a toner for flash J^ tance 
capable of achieving flash fixability and 
at the same time and is less liKely to 

15 3 "Ts ""understood from the above descriptions, it is 
Tfor the toner for flash fixation to achieve the 
STT^iS an! ^ resistance at the same time and 
to eliminate or reduce an odor generated during the 
fixation. Therefore, a trial of improving the 
composition of the polyester resin used as the binde 
resin has been made to solve these problems in 
conventional to ners^ ^ ^ _ & ^ ^ . 

low viscosity polyester resin free from a chloroform- 
insoluble content in order to improve the 
fixability. However, when using such a toner wh te 
defects (fine white dotted patterns) peculiar to flas 
defects ( .. voi ds», occur. The flash 

fixation, which are called temp erature 
fixing system has a problem that, since tne v 
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desmoking/deodorizing filter made mainly of active carbon 
as a principal component in the vicinity of the fixation 
portion. However, current commercially available filters 
must be replaced frequently by a new filter because of 
5 their short lifetime . In a toner for flash fixation, an 
improvement in grinding efficiency in the preparation of 
the toner is required in view of stabilization and cost 
reduction of the developing agent. When using the toner 
in combination with the carrier, prevention of filming on 
10 the carrier is also required* If filming of the toner on 
the carrier can be prevented, it becomes possible to 
provide a developing agent stable for a long period. 



DISCLOSURE OF THE INVENTION 

15 An object of the invention is to provide an 

electrophotographic toner which can be used in an 
electrophotographic process employing a flash fixing 
system, which can realize a remarkable improvement in 
fixing strength of the tone and prevent the occurrence of 

20 voids peculiar to flash fixation and the occurrence of 
fuming and odor during the fixation, and also which can 
be prepared in an efficient and stable manner without 
causing stain of a printing apparatus and clogging of a 
desmoking/deodorizing filter due to sublimation of a 

25 toner component and provide a developing agent stable for 
a long period. 

Another object of the invention is to provide an 
image forming method capable of sufficiently exhibiting 
the excellent operations and effects of the 

30 electrophotographic toner described above. 

The objects described above and other objects of the 
present invention will become apparent from the following 
detailed description. 

The present invention provides, in one aspect 

35 thereof, an electrophotographic toner comprising a binder 
resin and a colorant, which is used in 
electrophotographic process employing a flash fixing 
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system for fixation of a transferred toner image, wherein 
the binder resin is a polyester resin which 

partially contains a chloroform-insoluble content; and 
the toner contains a polypropylene resin and an 

ester type resin represented by the following formula 

(I) : 

0 

II 

C H 2 OC - ( C H 2 ) q-R 




0 
II 

C H 2 OC - (CH* ) P-R 



O 
II 

CH 2 OC - (CH 2 ) m-R 



O 
II 

CHi OC - (CH 2 ) n-R 



( I ) 



wherein p, q, m and n each represents a positive 
integer of 16 to 22 and R may be the same or different 
and each represents a hydrogen atom or a lower alkyl 
2 5 group having 1 to 4 carbon atoms. 

The present invention provides, in another aspect 
thereof, an electrophotographic toner comprising a binder 
resin and a colorant, which is used in 
electrophotographic process employing a flash fixing 
system for fixation of a transferred toner image, wherein 
the binder resin is a polyester resin which contains 
an ester component represented by the following formula 
(XI) : 



0 

CHa 0 C ~ CCHa ) Q ' - R 



o 



,CH 2 OC - (CH 2 ) P' - R 



CXI) 



o 




H 2 OC-CCH 2 )m' -R 



O 

CH 2 OC-CCH 2 )n - R 

wherein p-. q" , *• and n' each represents a positive 
integer of 16 to 30 and R may be the same or different 
and each represents a hydrogen atom or a lower alkyl 
group having 1 to 4 carbon atoms, and contains at least 
chloroform-insoluble content; and 

the toner optionally contains an ester type resm 
represented by the formula (XI). 

The present invention provides, in a still another 
aspect thereof, an electrophotographic toner comprising a 
binder resin and a colorant, which is used in 
electrophotographic process employing a flash fixing 
system for fixation of a transferred toner image, wherein 
the binder resin is a polyester resin which contains 
an ester component represented by the above formula (XI) 
wherein R, p' , q' . »" and n- are as defined above, and 
contains at least a chloroform-insoluble content; 

the polyester resin contains at least a resin 
containing the above ester component (XI) in the amount 
of 10% by weight or more; and 

the toner optionally contains an ester type resin 
represented by the above formula (XI). 

The present invention provides, in a further aspect 
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thereof, a method of forming an image according to an 
electrophotographic process which comprises the steps of 
forming an electrostatic latent image by image exposure, 
visualizing the electrostatic latent image by 
5 development, transferring the visualized image onto the 
recording medium and fixing the transferred image, 
wherein 

a developing agent containing the 
electrophotographic toner of the present invention is 
10 used in the step of developing the electrostatic latent 
image; and 

ffl a flash fixing system is used as the toner fixing 

jj system in the step of fixing the toner image after 

ffi transferring the toner image, which has been visualized 

^ 15 by the use of the developing agent, onto the recording 
h± medium. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing a relationship between the 
20 molecular weight and the ionization efficiency of an 
ester type resin represented by the above formula (I) 
used in the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 
25 In order to develop an electrophotographic toner 

which has never been proposed the prior art, that is, an 
electrophotographic toner which is suited for use in a 
flash fixing system, remarkably improves the fixing 
strength of the tone and prevent the occurrence of voids 
30 peculiar to flash fixation (provided with void 

resistance) and the occurrence of fuming and odor during 
the fixation caused due to the composition of the toner, 
and also which does not cause stain of a printing 
apparatus and clogging of a filter due to sublimation of 
35 a toner component, the inventors have made careful 

studies. As a result, they have found that the following 
features are effective. 
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(1) use of a binder resin made of a specific 
polyester resin in combination with a polypropylene resin 
and a specific ester type resin represented by the 
formula ( I ) ; 

5 (2) use of a binder resin made of a polyester resin, 

which contains a specific ester component and contains at 
least a chloroform-insoluble content; and 

(3) use of a binder resin made of a polyester resin, 
which contains a specific ester component and contains at 
^ 10 least a chloroform-insoluble content, in combination with 
J3 a resin which contains the ester component in the 

^ concentrated amount . 

%f For easier understanding of the present invention, 

the toner having the feature (1) is hereinafter referred 
15 to as a "first toner of the present invention", the toner 
having the feature (2) is referred to as a "second toner 
of the present invention", and the toner having the 
feature (3) is referred to as a "third toner of the 
present invention" . Further, for simplification of the 
M: 2 0 description, a common matter in the first, second and 
third toners will not be described repeatedly. 

As a principle, the electrophotographic toner of the 
present invention can have a composition similar to that 
of the toner which has conventionally been used in an 
25 electrophotographic method. That is, the toner of the 

present invention is composed of at least a binder resin 
and a colorant. As used herein, the term "ester type 
resin" refers to a resin of the above formula (I) or 
(XI). In the second and third toners of the present 
30 invention, the polyester resin used as the binder resin 
is a resin which contains an ester component and a 
chloroform-insoluble content and is referred to as an 
"ester component/chloroform-insoluble content-containing 
resin" . 

35 In the electrophotographic toner (first toner) of 

the present invention, the polyester resin used as the 
binder resin essentially contains a chloroform-insoluble 



fa* 
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content in a portion of its structure. The reason is 
that the chloroform-insoluble content in the binder resin 
can effectively prevent formation of voids during the 
fixation of the toner. This chloroform-insoluble content 
5 is originated from the raw material components of the 
polyester resin. 

The polyester resin containing the chloroform- 
insoluble content can be used in different amounts in the 
toner, although it depends on the other resin components. 
^ 10 The amount of the polyester resin can usually be defined 
yg by the amount of the chloroform-insoluble content based 

on the total amount of the toner. The polyester resin 
sj preferably contains the chloroform-insoluble content in 

:? the amount within a range from 3 to 20% by weight, and 

jg 15 more preferably from 3 to 10% by weight. When the amount 
s of the chloroform-insoluble content is smaller than 3% by 

J7 weight, voids are liable to occur because the viscosity 

H* of the toner is reduced. On the other hand, when the 

E amount is larger than 20% by weight, adhesion between the 

y, 20 toner and the recording medium (for example, recording 
paper) and adhesion between toners are drastically 
inhibited. In the present invention, the fixing strength 
of the toner is evaluated by (1) adhesion between the 
toner and the recording paper and (2) adhesion between 
25 toners, while adhesion between the toner and the 

recording paper and adhesion between toners are measured 
by a peeling test for fixed images using an adhesive tape 
and a rubbing test for fixed images using an adhesive 
tape. 

30 The polyester resin as the binder resin may be the 

same as a general-purpose polyester resin, although there 
is a limitation that the polyester resin must contain a 
chloroform-insoluble content in a portion of its 
structure. Suitable chloroform-insoluble content- 

35 containing polyester resin includes a polyester resin 
formed by polymerizing terephthalic acid, isophthalic 
acid or a mixture thereof as an acid component, an 
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ethylene or ^-e *-^^-;^ 1 

component and "*»Xr£" £*t.rW has a glass 
component. This polyester *•« » along wit h 

transition temperature ,Tg> of « C J ^ ^ 
. Tg o« ss-c or higher^ is ultely to 

toner is lower than 58 c so during the 

occur under a high temperature envi 

transfer. combination with the 

The polypropylene resin »^ i invention 
first toner of tne pj.«=> 
rsTt specif^ limited as far as it does not exert 
an adverse induce - ^ M 
present invention. The po yy F 5 o00 or more. 

Ls a number-average molecu larwe gh ^ ^ ^ 

When the molecular weight of P YP 

smaller than 5,000, the P°*T°^ it can not 

sublimated during the fixation and, 
be used in the flash fixing systenu di££erent 
T he polypropylene resin ca be u^ ^ ^ ^ 
, .mounts in the -ner altho^ug h^i ^J^^ resin 
resin components. in b weight, 

is preferably within a ^^^^ when the 
and more preferably from 1 " » * than 
amount of the polypropylene resin iinproved , 

S wei gh t, - - bbi :i;r::Te lin -a - grindability 
although the resistance to handf when 

of th e toner can * ^^°^ lghti problems such as 
the amount is larger than 5% * the f ilter 

staining of the apparatus and cloggmg 

30 occur because of ^ formula (I) used in 

The ester type resxn of propy lene resin 

•4-v, thP binder resin and tne pi^w 
combination with the bi lnvention includes 

in the first toner of the p ^ ^ general 

various resins withi the ra g ^ r ^ ^ 

35 formula (I). Especially a r . methy l 
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ester type resin, which can be used 
advantageously, is a resin which is represented 
following general formula (II) and has a wexght-average 
m olecular weight within a range from 1,350 to 1,450. 

0 

C H 2 OC - C C H 2 ) q-CHa 
0 

,CH- OC - (CH«) P' CH ' 
•O / / - (ID 

o 

CH 2 OC- (CHa ) m-CH 3 
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0 

CH 2 OC- (CH« ) n-CH 



3 



In the above formula, p, q, m and n are as defined 
above, in the ester type resin ,11,. when ^ ^ 
weight is smaller than 1.350 (that is . "il«r 
contains a resin as impurities,. clogging of the filter 
is liable to occur. The reason is as follows. In the 
case of the ester type resin (I, used in the present 



invention. 'clogging of the filter tends to occur 
depending on a difference in molecular weight due to 

impurities. desC ribed above can be used 

The ester type resin (I, descrioea 
in different amounts in the first toner, but the amount 
is preferably within a range from 0.5 to 15% by weight, 
and .ore preferably from 1 to 5% by weight when the 
amount of the ester type resin ,1, i. smaUer than 0.5% 
by weight, a satisfactory improvement in 
35 cannot be achieved, although the resin itself has the 

■ 4-v, Q fivahilitv. On the other nana, 
effect of improving the fixabiiity. ^ 

^en the amount is larger than 15» by weight, lowering of 
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the grindability of the toner and clogging o£ the filter 



occur 



mo 
10 w 



it is desired that the ester type resin (I) 
contains, as a principal exponent a «^^7 M ' 

secular weight ^^^^^ ^Z^Zne, 
to 1,500 in a molecular weight distribution 
b ; m ss spectrometry analysis and also has one pea* in 
this range, while an ionization efficiency °f a high 
olecular weight component having a molecular weight 
within a range from 1,420 to 1,430 is 45% or more and an 
ni/ation efficiency of a low-molecular weight component 

• U4. ^-f i *}sn or less is 10% o r 
having a molecular weight of 1,350 or 

. P =ter tvpe resin (I) is naDie 

more That is because the ester tyfc«= 

• * ^ filter due to a difference in 
to cause clogging of the filter aue 

■4. „ nn fainQ the low-molecular 
molecular weight when it contains tne 
15 moiecuiai y liable to cause 

weight resin as impurities, and is also Ha 
clogging of the filter even if it contains impurities 
having a molecular weight of 1,350 or less It is 

•I . ^ the ester type resin (I), although it 
considered that the ester typ reaction product of 

ac a principal component, a reaction v 
20 contains, as a pnu^f" ciiaht 
pentaerythritol and tetraerucic acid ester, has a slight 

molecular weight distribution because "«««^ ^ 
ester contains molecules having a large number of carbon 
atoms ana molecules having a small number of carbon atoms 

" " "^following Table 1 and the accompanying rig. 

! the results of the molecular weight distribution of 
he ester type resin «XI, and other ester typ< , resins 

,111, and ,IV), determined from a ratio of a P»**»« ht 
30 Lin a mass spectrograph (manufactured by 

under the trade name of -8X102*., . are summarized. 
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T he first toner of the present invention preferably 

offsets of the respective resm 
Functions and effects combined with each 

described above are synergrstrcally 
other by adding a combination of the resr . 

„. KlfS *- 0 simultaneously realize 
maxing rt reduction of voids, reduction 

ir:::::: - ^.u - ^ fiiter - 

and an improvement in grinding efficiency rn the 
""rre the present invention 

excellent functions ^^^^^ « 
characteristics ^^XrT^r may contain 
the resulting toner, and the £l " resins), 
arbitrary binder resins <*»«»^£" 1 l d . of the 
i. addition to the comb in. t« no f th ree ^ 
reslns described above as far as , ^ 
not exerted. Examples o . nolude polye ther- 
resin (general-purpose k««' 

in, acrylic 

poly ol resin, silicone resin styrene ^ 
resin, styrene-acrylic resin, P°™ d£ resin , 

polyvinyl acetate resin. P» ^»^.° h alil>ont of the 
phenol resin, and epoxy resin when t 

sr."=s -".rr.;.....,.... - - 
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resulting toner. Therefore, the amount ^Taseo'on 
within a range from about 20 to 30% by weight based 
the total amount of the binder resin. 

ascribing with respect to the relate w th the 

firctt toner of the present 

higher and the glass t ^ ^ by 

P the Tinder resin and other toner components, when 

r: n £ 9 the toner is lower than S.'C. solidification is 
lively to occur due to an influence of high temperature 

the binder resin in 
the first toner o f the present invention inclu , 
we ll-Known dyes and pigments and can * ar b trari y ^ 
selected and used according to the desired = OJ - 

The preferred dyes and pigments used in the 

::: c :::: ;< " invention ^ — ■ 

P Various carbon blacKs prepared by "-entional 

methods such as thermal blac* " b £*~ 

i. Mflrlc method, and lamp blacK meuiuu, 

metho d, channel b lac* ~t ^ ^ blacR 

example, lamp black (C. ^ a 

prepared by coating the surface or 

resin, for example, inorganic pigment such as ,ron 
and color dyes and pigments, for example, monoazo red 
and color y quin acridone magenta 

pigment, dxsazo yen© p d quaternary 

pigment, anthraquinone dye, nxgrosxne dy q 

„m salt dye, and monoazo metal complex salt dye. 
ammonium salt dye ^ ^ ^ 

Specific examples of these ay 50 405), 
c Lr index number include Aniline Blue (CI. No > 
Chaico Oil Blue (d. ho. -ore Blue , , Ch om 
,C I. No. 14090), Ultramarine Blue (C.I. No .11 
Oil Red (CI. No.26105), Quinoline Yellow 
L 47005) Methylene Blue Chloride (C.I. No.52015). 
No. 47005), Metny 74 1S0), Malachite Green 

Phthalocyanine Blue (C.I. No. /no l. 45435) 
oxalate (C.I. No.42000). and Rose Bengal (C.I. «o.45 
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The dyes and pigments described above may be used 
alone or used in combination to obtain the desired color 
tone of the toner. The content of the colorant in the 
toner can vary according to the desired coloring effect, 
5 but is preferably within a range from 0.1 to 20% by 

weight, and more preferably from 0.5 to 10% by weight, 
based on the total amount of the toner in view of the 
coloring power during printing, shape retention of the 
toner and scattering of the toner in order to obtain the 

10 best toner characteristics. 

The first toner of the present invention may contain 
various additives, in addition to the binder resins and 
colorants described above. For the purpose of improving 
the fluidity *of the toner, the first toner may contain 

15 various inorganic fine particles as external additives. 
The inorganic fine particles, which can be used as the 
external additive in the present invention, usually have 
a primary particle diameter within a range from 5 nm to 2 
^m, and more preferably from 5 to 500 nm. The surface 

20 area of the inorganic fine particles is preferably within 
a range from 20 to 500 m 2 /g in terms of a specific 
surface area as measured by the BET method. 

Examples of suitable inorganic fine particles in the 
practice of the present invention include, but are not 

25 limited to, fine particles of silica, alumina, titanium 
oxide, barium titanate, magnesium titanate, calcium 
titanate, strontium titanate, zinc oxide, silica sand, 
clay, mica, wollastonite, diatomaceous earth, chromium 
oxide, cerium oxide, red iron oxide, antimony trioxide, 

30 magnesium oxide, zirconium oxide, barium sulfate, barium 
carbonate, calcium carbonate, silicon carbide, and 
silicon nitride. Among these fine particles, fine 
powders of silica can be used advantageously. 

The inorganic fine particles can be added externally 

35 to the toner in different amounts, but are preferably 
used in the amount within a range from 0.01 to 5.0% by 
weight, and more preferably from 0.01 to 2.0% by weight, 



based on the total amount of the toner. 

in the toner of the present invention, other 
conventional external additives, for example ^ 

"'The ^s^oner of the present invention may contain 
charge controlling agents, which are commonly used » 
^'technical field, for the purpose of 
chargeability of the toner. Suitable examples of the 
charge controlling agent induce an electron donating 
substance such as a nigrosine dye, a fatty acxd me al 
salt a quaternary ammonium salt or the like xn case 
«r ositively-charged toner, or an electron accepting 
substance such as an azo metal-containxng dye, a 
chlorinated paraffin, a chlorinated polyester or the IxKe 
in case of the negatively-charged toner. 

rurthermore, the electrophotographic toner of the 
present invention can contain, as a releasant or an ant, 
offset agent, various general-purpose waxes such as low- 

^^y^e „ ax or p : ™-— he 

carnauba wax, montan wax, amide wax or the Ixke. 
toner of the present invention is used xn an 
electrophotographic process which employs a flash fxxxng 
system, polypropylene wax is advantageously used 
clogging of the filter due to sublxmatxon durxng the 

"^Su^xng the description of the first toner, in 
the oractice of the present invention the toner 
component descried above can be used in the follows 
ratio based on the total amount of the toner. 

Chloroform-insoluble content-containing 50 to 95 % by weight 
polyester resin 

0.1 to 5% by weight 

Polypropylene resin 

0.5 to 15% by weight 

Ester type resin 
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0.1 to 20% by weight 

Colorant 

l to 5% by weight 

Charge controlling agent 

0 to 5% by weight 

Wax 

External additive 

If necessary, the amount of these toner components may be 
larger or smaller than the above range. 

The electrophotographic toner of the present 
5 invention also includes the second and third toners, in 
addition to the first toner described above. As 
described previously, in the second and third toners, a 
polyester resin, which contains an ester component 
represented by the formula (XI) and at least a 
10 chloroform-insoluble content, is used as the binder 
resin. in these toners of the present invention, 
excellent fixability and void resistance are achieved at 
the same time by using a specific ester 
component/chloroform-insoluble content-containing 
15 polyester resin as a constituent component of the binder 
resin. The grindability in the preparation of the toner 
can be improved by incorporating a polypropylene resin 
into the toner, in addition to such a specific polyester 
resin. If necessary, these toners preferably contain an 
20 ester type resin represented by the formula (XI), which 
is similar to the resin of the formula (I). As is 
apparent from the following description, these toners are 
similar to the first toner in the basic composition but 
are different in the composition of the binder resin, and 
25 are characterized in that the ester component of the 

formula (XI) is added to the polyester resin during the 
polymerization reaction step. 

in the second and third toners of the present 
invention, the ester component of the formula (XI), which 
30 constitutes the polyester resin used as the binder resin, 
can include various ester components within the range 
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defined in the general formula (XI). Especially, an 
ester component in which each R is the same and each 
represents a methyl group or an ethyl group can be 
advantageously used. An ester component, which can be 
used particularly advantageously, is an ester component 
represented by the following formula (XII). 



10 



15 



20 




0 



C H 2 OC - ( C H 2 ) Q' -CH 



0 

C H 2 OC- (CH 2 ) p ' -CH 



O 



CH* OC - ( C H 2 ) m' -CH 



0 



CH 2 OC - (CH 2 ) n ' -CH 



(XII) 



In the above formula, p', q', m' and n' are as 

defined above. 

Since such an ester component (XII) is liable to 
25 cause clogging of the filter due to a difference in 

molecular weight, depending on impurities, the weight- 
average molecular weight is preferably within a range 
from 1,200 to 2,200 (based on the molecular weight 
distribution as determined by mass spectrometric 

30 analysis). When the molecular weight of this ester 

component is smaller than 1,200 (i.e., when the ester 
component contains the resin as impurities), clogging of 
the filter is liable to occur. If the ester component 
contains impurities having a molecular weight of 1,000 or 

35 less, clogging of the filter becomes more severe. 

Although the ester type resin contains, as a principal 
component, a reaction product of pentaerythritol and 
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10 



tetraerucic acid ester, it has a slight molecular weight 
distribution because tetraerucic acid ester contains 
molecules having a large number of carbon atoms and 
molecules having a small number of carbon atoms as 
impurities. Such an ester component has at least one 
maximum peak in a molecular weight distribution within a 
range from 1,200 to 2,200, while the ionization 
efficiency of the maximum peak is preferably 45% or more 
based on the entire component. 

In the second and third toners of the present 
invention, an ester component, which can be used 
particularly advantageously, is an ester component 
represented by the following formula (XIII). 



15 



20 



25 




0 



CH 2 OC - (CHi ) n-CHs 



0 
II 



CHi OC - (CH 2 ) 2 o-CH 



0 
II 



C H 2 0 C - ( C H 2 ) 



O 



1 0 



C H 



CH, OC - (CHi ) 20-CH 



(XIII) 



In a specific structure polyester resin used in the 
30 present invention, the ester component of the formula 

(XI) contained in the molecule is preferably introduced 
during the polymerization reaction step of the polyester 
resin. The polyester component (XI) can be introduced 
into the polyester resin by adding it at arbitrary stage 
35 (timing) of the polymerization reaction step. For 
example, it may be a stage where a monomer of the 
polyester resin is added at the initial polymerization 
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reaction step, or a stage where the polymerization is 
positively carried out. Alternatively, it may be a final 
stage of the polymerization reaction step where the 
polymerization has entered the last stage. 
5 In the practice of the present invention, the ester 

component /chloroform- insoluble content-containing 
polyester resin contains the ester component and 
chloroform-insoluble content described above. Such a 
polyester resin can contain these components in an 
10 arbitrary amount, and the amount of the ester component 
yg is preferably within a range from 0.1 to 10% by weight, 

and more preferably from 0,5 to 5% by weight, based on 
the total amount of the toner. The amount of the 
~P chloroform-insoluble content is preferably within a range 

5** 15 from 3 to 20% by weight, and more preferably from 3 to 
£ 10% by weight, based on the total amount of the toner. 

fT As described above, the toner of the present 

y= invention contains the polypropylene resin, and the 

J: amount of the polypropylene resin is preferably within a 

lI 20 range from 0.1 to 5% by weight, and more preferably from 
0.1 to 3% by weight, based on the total amount of the 
toner . 

In the toner of the present invention, improvement 
in fixability, reduction of voids, reduction of stain of 

25 the apparatus (clogging of the filter and others), 

improvement in grinding efficiency in the preparation of 
the toner and prevention of filming to the carrier can be 
simultaneously realized by using in combination the 
components described above in the amount described above. 

30 When the amount of the ester component of the 

formula (XI) is smaller than 0.1% by weight based on the 
total amount of the toner, the effect of improving the 
fixability cannot be expected. On the other hand, when 
the amount is larger than 10% by weight, lowering of the 

35 grindability of the toner and clogging of the filter 
occur. As described above, clogging of the filter is 
also liable to occur depending on a difference in the 
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molecular weight caused by the presence of impurities. 

When the amount of the chloroform-insoluble content 
in the polyester resin is smaller than 3% by weight based 
on the total amount of the toner, the resulting toner has 
5 low viscosity and voids are liable to occur. On the 

other hand, when the amount is larger than 20% by weight, 
adhesion between the toner and a medium such as recording 
paper and adhesion between toners are inhibited. 

When the amount of the polypropylene resin added 

10 additionally to the toner is smaller than 0.1% by weight 
based on the total amount of the toner, although an 
improvement in peeling resistance and grindability of the 
toner can be expected, the rubbing resistance cannot be 
improved. On the other hand, when the amount is larger 

15 than 5% by weight, the flash fixing system cannot be 

employed because the resin itself is sublimated. When 
using the polypropylene resin, the molecular weight is 
also important, in addition to the amount added, and the 
polypropylene resin preferably has a number-average 

2 0 molecular weight of 5,000 or more. Such a polypropylene 
resin is usually in the form of wax. 

Describing in more detail, in the second and third 
toners of the present invention, introduction of the 
above-described ester component to the specific structure 

25 polyester resin (binder resin) enables improvement in the 
compatibility of the binder resin and a reduction in 
filming of the toners to the carrier. 

Since the ester component represented by the formula 
(XI) originally has poor compatibility with the polyester 

30 resin, it is difficult to disperse the ester resin in the 
preparation of the toner, resulting in severe filming on 
the surface of the carrier. Although the dispersion can 
be controlled to some extent by applying a shear force in 
the kneading step, uniform dispersion cannot be achieved 

35 by this method. To remove these disadvantages of the 

prior art, in the second and third toners of the present 
invention, the ester component is introduced into the 



structure o£ the polyester resin in the stage of 

preparing the binder resin, i.e. the stage o£ 
prepcij-xiiy 4-hprebv improve the 

polymerizing the polyester resin, to thereby P 
Lpersibility and. at the same time, disperse 
substantially uniformly the ester component in th entire 
polyester resin, thus maKin, it possible to maintain the 
Lability and to effectively prevent filing of the 



carrier . 



Is' in the third toner of the present invention, the 

disoersibility can be effectively improved by 
dispersion y r componen t 

polymerizing or mixing 10% or more or a 
with a polyester resin to prepare a resin as a 
ma sterbatch, followed by mixing the P ol * e f*™*^ at 
formed into the masterbatch with a new P o yeste ^ resir .at 

the stage of the resin, or mixing the both at the stage 
the stag component 1S 

of preparing the toner. in ^ 

further incorporated in the preparation of the toner 
using a polyester resin prepared by adding the ester 
component in the resin, the ^P--^" ^ the 
markedly improved as compared ^f^ 'oZ The reason 
ester resin in the preparation of the toner Th 
is considered as follows. That is, since the 
component added in the polyester resin has compatibility 

th the resin, the compatibility with the resin is 
^rlny ilUved by the affinity with the ester added 

at a later stage -^^^T.^* in the 

The ester component descriDea 
state of being dispersed in a specific structure 
Polyester re sin as the binder resin. In such a case, the 
ester component can be dispersed in a wide range of 
particle diameters, but is preferably dispersed in the 
particle diameter of 5 urn or less. Since the 
diameter becomes smaller in the ^^^T 
when the ester component has such a particle diameter, 
the dispersion of the ester component « . the ™£ ' 
toner is improved and filming to the 
and, thereby, it becomes possible to obtain a 



fixability. AS used herein, the term 
having excellent fixab a e 

••dispersion particle diameter " £ers dis „ rsed in the 
particle diameter of the ester component dispersed 
tester resin and can be determine, ,* , slici 
polyester resin particle ^ * d ^ ° piece o£ thin 
using a microtome, observing the resulting p 
Til having a thicKness within a range from 0.! to 0 5 
' and image-analyzing the results (image data, using a 
Te 1~ method. As the microscope for observation. 
To example, a transmission type optical — 

tr ade name of "JEM2010") can be used. 

in the second and third toners of the present 
excellent functions and effects can be 
invention """^ .including characteristics 

expected in characteristics seoon d, and the 

w hen used) of the "^J^^^ as in 

third toner may contaxn addxtxona bx 
*v,o first toner described above, as far as any 
the fxrst tone Suit able additional binder 

influence is not exertea. o As in 

<- a r- woe resin of the formula (XI). as 
resin is an ester type resin 

-^•ir, nf the above formula (I), tnxs 

component, an ethylene or P^W 1 ^."***'"^ a 

as an alcohol component and trimellitic -id - a 
crosslinKing agent component. This polyester res n 

^i^oe transition temperature (Tg) oj- 
preferably has a glass tr » n "^ J in t he form 

fiO°C or higher and shows Tg of 58 C or nxg 

the toner, when Tg of the toner is lower than 53 C 
i« likely to occur under a high 
^^Z^^J^ - transportation of the 



toner. 



Th e additional binder resin may 

■n Examples of suitable additxonal bxnder 
binder resin. Examples o oolvethe r-polyol resin, 

resin include polyester resin, polyether p 
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silicone resin, styrene resin, acrylic resin, styrene- 
acrylic resin, polyvinyl chloride resin, polyvinyl 
acetate resin, polyvinylidene chloride resin, phenol 
resin, and epoxy resin. These binder resins can be used 
5 alone or in combination. When the amount of the 
additional binder resin is too large, an adverse 
influence in exerted on original characteristics of the 
resulting toner. Therefore, the amount is preferably 
within a range from about 20 to 30% by weight based on 
q 10 the total amount of the binder resin. 

*Q As in the first toner described above, the colorant 

X to be dispersed in the binder resin in the second and 

SJ third toners of the present invention includes various 

t well-known dyes and pigments and can be arbitrarily 

15 selected and used according to the desired color tone in 
f the toner. See, the description of the first toner with 

y, respect to suitable dyes and pigments suited for use in 

N; the present invention. 

q The dyes and pigments as the colorant may be used 

20 alone or used in combination to obtain the desired color 
tone of the toner. The content of the colorant in the 
toner can vary according to the desired coloring effect, 
but is preferably within a range from 0.1 to 30 parts by 
weight, more preferably from 0.5 to 22 parts by weight, 

25 and most preferably from 5 to 20 parts by weight, based 
on 100 parts by weight of the toner in view of the 
coloring power during printing, shape retention of the 
toner and scattering of the toner in order to obtain the 
best toner characteristics. 

30 As in the first toner described above, the second 

and third toners of the present invention may contain 
various additives, in addition to the binder resins and 
colorants described above. For example, for the purpose 
of improving the fluidity of the toner, the second toner 

35 may contain various inorganic fine particles as external 
additives. The inorganic fine particles, which can be 
used as the external additive in the present invention, 
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usually have a primary particle diameter within a range 
from 5 nm to 2 f^m, and more preferably from 5 to 500 nm. 
The surface area of the inorganic fine particles is 
preferably within a range from 20 to 500 m 2 /g in terms of 
5 a specific surface area as measured by the BET method* 

The size of the inorganic fine particles used herein can 
be the same as the size of those used in the first toner. 

Similarly, inorganic fine particles suitable for the 
second and third toners can be the same as those used in 

10 the first toner. Suitable inorganic fine particles 
include silica, alumina and titanium oxide, and fine 
powders of silica can be advantageously used. These 
inorganic fine particles can be added externally to the 
toner in different amounts, but are preferably used in 

15 the amount within a range from 0.01 to 5 parts by weight, 
and more preferably from 0.01 to 2 parts by weight, based 
on 100 parts by weight of the toner. 

As in the first toner, in these second and third 
toners, other conventional external additives, for 

20 example, fluorine fine particles and resin particles such 
as acrylic fine resin particles may be used, in addition 
to the inorganic external additives. Similar to the 
first toner, the second and third toners of the present 
invention may contain charge controlling agents, which 

25 are commonly used in this technical field, for the 

purpose of controlling the chargeability of the toner and 
may also contain various general-purpose waxes as a 
releasant or an anti-offset agent (see, the above 
description). As described previously, when using this 

30 second toner in an electrophotographic process employing 
a flash fixing system, polypropylene wax is 
advantageously used to avoid clogging of the filter due 
to sublimation during the flash fixation. 

Summarizing the description of the second and third 

35 toners, in the practice of the present invention, the 

toner components of the second toner described above can 
be used in the following ratio based on the total amount 



of the toner. 

Ester component/chloroform-insoluble 50 to 95% by weight 
?on?int-cLtaining polyester resin 



0, 1 to 5% by weight 

0 to 10% by weight 
0.1 to 20% by weight 

1 to 5% by weight 
0 to 5% by weight 
0 to 5% by weight 



Polypropylene resin 
Ester type resin 
Colorant 

Charge controlling agent 
Wax 

External additive 
If necessary, the amount of these toner components may be 
la rger or smaller than the above range. In add-on, the 
third toner contains, in the polyester resin, at least 
resin containing 10% or more of the ester component 
described above, in addition to the toner components 

described above. 

The electrophotographic toner (first, second and 
third toners) of the present invention can be prepared 
according to various procedures using the toner 
components described above as the starting ™^ alS - 
Fo r example, the toner of the present invention can 
prepared by employing a well-known method such as 
prepares y f piassifving process where resin 

mechanical grinding and a classifying p 

blocks with a colorant or the like dispersed therein are 
ground and classified, or a polymerization method where 
monomer is polymerized while mixing a colorant or the 
like therein thereby forming fine particles. The toner 
of the present invention is preferably prepared by the 
mechanical grinding method and, advantageously, in 
procedure described below. 

The first toner can be advantageously prepared by 
the following non-limiting procedure. 
(1) Mixing of materials 

A binder resin (chloroform-insoluble content- 
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containing polyester resin, polypropylene resin and ester 
type structure resin), a colorant, a charge controlling 
agent and the like are weighed and mixed uniformly in a 
powder mixing machine. For the powder mixing machine, 
5 for example, a ball mill or the like can be used. The 
colorant, the charge controlling agent, etc. are 
dispersed uniformly in the resin binder. 
(2) Melt kneading 

The mixture thus obtained is heated to melt and is 
10 kneaded by using a screw extruder (extruder), roll mill, 
pj kneader or the like. The colorant particles are changed 

0 into fine particles and at the same time the components 

ft are dispersed uniformly. 

C (3) Solidification with cooling 

t; 15 After the completion of the kneading, the kneaded 

= mixture is solidified by cooling. 

^ (4) Grinding 

The solidified mixture is first ground into coarse 
=P particles with a coarse grinder such as hammer mill or 

j*? 20 cutter mill, and then ground into fine powder with a 
finer grinder such as jet mill. 

( 5 ) Classification 

The fine powder made by fine grinding is classified 
so as to remove particles which are too small and could 

25 result in lower fluidity of the toner and scattering of 
the toner, and particles which are too large and result 
in degradation of picture quality. For example, a wind 
classifier that utilizes a centrifugal force may be used 
as a classification apparatus to obtain a toner in the 

30 form of desired spherical fine particles having an 

average particle diameter within a range from about 0.5 
to 50 fim, and preferably from about 1 to 15 \xm. 

(6) Surface treatment 

In the last step, the toner particles may be coated 
35 with hydrophobic silica or titanium oxide, or with 

another additive added as required, for the purpose of 
improving the fluidity of the toner. A high speed flow 
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mixer may be used in the surface treatment. 

The second and third toners can also be prepared 
advantageously by the same procedure as in the above 
method of preparing the first toner. 
5 The toner of the present invention may be either a 

magnetic toner or a non-magnetic toner, and a developing 
system using the same may be either a two-component 
system using a toner and a carrier or a one-component 
system using only a toner. In a high speed printer, the 

10 two-component system can be advantageously used in view 
of its long life. 

In the case of the toner for use in the two- 
component system, various carrier materials such as iron 
powders and ferrite powders are well known as the 

15 carriers, to be used in combination with the toner, in 
this technical field. In the practice of the present 
invention, a material obtained by coating a core material 
can be advantageously used as the carrier in order to 
develop more satisfactorily. As the core material of the 

20 carrier, for example, a manganese-strontium (Mn-Sr) or 
manganese-magnesium (Mn-Mg) material having about 65 to 
75 emu/g is most preferred. Highly magnetized (about 200 
emu/g) iron powders and magnetite (about 90 emu/g) are 
preferred in view of security of the image density, 

25 although striation may occur in the print. A copper-zinc 
(Cu-Zn) material having low magnetization intensity 
(about 60 emu/g) is preferred because the carrier is 
liable to be deposited. 

The core material of the carrier is preferably used 

30 in the form of particles and the average particle of the 
core material in the form of particles is preferably 
within a range from 2 0 to 100 \xm, and more preferably 
within a range from 60 to 90 ^m. When the average 
particle of the core material in the form of particles is 

3 5 smaller than 20 ^im, the content of fine powders increases 
in the distribution of the carrier particles and the 
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10 



15 



20 



25 



30 



35 



• 4- 4 «n intensity per one carrier particle is 
magnetization intensity p carr ier. On the 

reduced, resulting in scattering of the ««« 
other hand, when the average particle of the core 
material in the for, of particles is larger than 100 urn, 

the specific surface area is reduced, resulting 

the speci q£ {uii color printing 

scattering of the toner. ±n u 

with a substantial solid portion, reproduction of 
solid portion becomes poor. 

The coating to be formed on the carrier core 

i s Preferably resin coating, and more preferably 

material is preteraoiy 

ooating made of a silicone resin or a modrfred « 
resi „, because the silicone resin or modified sxlrcone 
resin can contribute to a long life of the carrier 
u hermore. the silicone resin or modified srlrcone 
resin may be used alone or in combination, 
prolongation of the life, an additional <W«^» 

t r/n -ine E rnd P a comple* thereof, and a compound 
such as sodium stearate may further added to such a 

^^amount of the coating of the silicone resin or 
m odified silicone resin can vary widely depending on the 
T/sired effects, and is usually ^ 
to 5.0% by weight, preferably from 0.15 to 2.0% by 
weight, and more preferably from 0.8 to 1.5% by weight, 

;i:id :„ ~* - - :r:;;:ir c :: 1; is 

the resin. When the amount of the resin 
mine/thin 0.!% by weight, a uniform resin coating can 

n ot be formed on ^ jilted in 

surface area index of the carrier 

th e present invention is within a range rom 0 to - 
on the other hand, when the amount * the r . 
is larger than 5.0% by weight, the resi 

t oo thic* and thus ^^^^ZTTJ^-. 
^l^Z^Z HI- on the surface of 
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, • _ _ various methods, 
th. carrier core rial ~<-^7 disS olvin g a 
a re sin solution preparea oy 

a« tional component such as ni g rosine which - 

. optionally added, in an ^^-^ti^. — 
applied on the surface Example 
can be used to prepar the re ^ 
toluene, xylene, methyl etny solve nts may 

Ketone, and butylcellosolve acetate. These 

0 be used alone or in combination. 

.^IhHoCr ^apLlr^^nd the resin 
coating, the solvent x t- either an 

coatin, is bated. The baKin, ^'J^, device 
external heatin, device or an nte 
15 and, for example, a fixed ^ fce 

a rotary electric furnace, and a bu »* be used . 

« . _ n f n izina microwaves may ~ 
used. A baking device ^ ^ ^ 

The baking temperature is P re£ °" b £ tQ 280 o c . 

™n°r and more preferably from 220 to 
180 to 300 C, ana moxe v iqq°C. the 

20 When the baKin, temperatu re is - ^ On the 

resi „ coatin, cannot be sufficiently sol 
oth er hand, .en the ^^^^ and thus 

::;::-:/:::/:: the ^ - . — 

25 resin ^^^Z^ . in a still further 

The present invention P an 
~f * method of forming an image d Y ^> 
aspect thereof, a method ^ method 

electrophotographic process. This ima latent 
includes the steps of (1) formxng an electros 
^-^ • / 1 \ visualizing the 

30 image by image exposure, (2) visua * 
30 imay jt development, (3) 

electrostatic latent image oy rec ording 

"^T^S^JZZZZ*- as described 
p^ls^ ^particularly characterised in that-. 

!. a developin, aaent contain in, an ^ ^ 
electrophotcraph c oner < ^ eiecttos „ tio 

is used in the step 



iaten : Tr-:"-- s ystem is u Sed as **. ^ ^ 

method in the step (4) of fixing the image after 
transferring the image, which has been visualized by 
use of the developing agent, onto the recording med^m. 
The image forming method of the present invention 

can be carried out by using procedures and apparatuses, 

which have conventionally been used in the prior art. 

Typical procedure for formation of the image includes the 

following steps: 

Charging of photosensitive material: 

The surface of a photoconductive insulator such as a 
photosensitive drum is charged with positive or negative 
electrostatic charge. Examples of the photoconductive 
material include inorganic photoconductive material such 
as amorphous silicon or selenium and organic 
photoconductive material such as polysilane or 

phthalocyanine. lafpnt 
Exposure of photosensitive material (formation of latent 

image): . . h 

After the completion of a uniform charging step, 

electrostatic charge on the insulating material is 
partially erased by irradiating the e h ° toC ° ndUC " V * 
insulator with light with any of various means, thereby 
forming an electrostatic latent image. For example the 
surface charge can be erased from specific portions by 
irradiating with laser beam, so as to form the 
electrostatic latent image on the photoconductive 
insulator according to the image information. A so- 
called "bacK light system" in which developing „ made by 
irradiating the portion to be developed with Irght from 
the bacK surface of the photoconductive insulator may be 
employed . 

Development of latent image with toner: 

Then the electrostatic latent image thus formed rs 
visualized by depositing the fine powder of the 
.deveiopin, agent, on the latent image portion where the 



electrostatic charge remains on the photoconductive 
insulator. As previously described, this developing 
system may be either a one-component system or a two- 
component system. Thus, a toner image can be obtained. 
Transfer of toner image onto recording medium: 
The visualized image is electrostatically 
transferred onto the recording medium such as recording 
paper to obtain a print. 
Fixation of transferred toner image: 

The toner image transferred electrostatically onto 
the recording medium is melted and fixed by the flash 
fixing system. Although conditions of flash fixation can 
vary widely, it is preferred to set the energy of 
flashtube within a range from 0 . 5 to 3 . 0 J/cm 2 and to set 
duration of the flashlight within a range from 500 to 
3,000 |i8. The reason why the energy of flashlight and 
duration of the flashlight should be controlled as 
described above is as follows. That is, when the energy 
of flashlight is too large and the duration of the 
flashlight is too long, the paper as the recording paper 
is likely to burn when using a toner having good 
fixability. According to the image forming method of the 
present invention, comparable operations and effects can 
be obtained even when using a heat roll fixing system and 
other fixing systems in place of the flash fixing system 
because of fixation of the transferred toner image. 



EXAMPLES , 

The present invention will be further described with 
reference to the examples thereof. in the following 
examples, parts are by weight unless otherwise specified. 
Amounts of the respective toner components and carrier 
components described in Tables 2 to 4 are expressed in 
parts by weight. 
Fxam ple 1 

Preparation of toner 1: 

As described in Table 2 below, the following toner 
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components were prepared in the amount described below. 



Corp. ) 

trade name of "NP105") 

Ester type resin (II) (see the following formula, 
manufactured by Nippon Oil Fats Co., Ltd.) 



84 parts 



2 parts 



3 parts 




o 
ii 

C H 2 0 C 
0 



( C H 2 ) Q - C H 



H 2 0C - (CHi ) p — C H 3 



(ID 



0 



C H 2 0 C - ( C H 2 ) m 



C H 



C H 



Colorant 



Charge controlling 
agent 



o 

0 C - (CHi ) n-CH 3 

Carbon (#25, manufactured by 10 part s 

Mitsubishi Chemical) 

Sulfonic acid polymer (manufactured 

by Hodogaya Chemical CO. , Ltd. 1 P art 

under the trade name of "T-95") 



10 



These toner components were preliminary mxxed by 
charging in a ball mill and then the mixture was melted 
and kneaded in an extruder heated to 160°C. After 
cooling the kneaded mixture to solidify, the solid 
mixture was ground by a hammer mill and then ground into 
a fine powder in a jet mill. The fine powder thus 
obtained was classified by an air flow classifier, 



, . black fine spherical particles having a 
thereby to obtain black P fine 

article diameter of 8.5 ^m. 
volume-average particle by we ight of 

par ticles of toner thus obtained ^ fay 
hydrop hobic fine sil- * * _ of 

Clariant Japan Co., Ltd u Hen8C hel As 

■■ a rr ^ - ° f fine spherical 

;;;r e ; ILL, an ^ ^ vjr 

« j The resulting toner in the form or 
was obtained. The res J „ toner 1% 

spherical particles is referred 
hereinafter . 
pvample 2 

Preparation of toners 2 to 31: repe ated to 

- — T„ h :r £ o : rs: ^ P — , 
ri;:;;:::;,::::: * l ~~ 

• ,ri. or combinations and amount 
described hereinafter ^ Qf the re s P ective 

components were changed. Change p 
toners are summarized as follows. 

10% by weight 

-!■•<>*>•« <-"-* l " p ° ly * st * 1 

20% by weight 
30% by weight 

*• -ten, i, **r««~ «-» 

_„ 3% by weight 

c „ 85.5 parts 

" Toner 6 2% bv weight 

Polypropylene resin 

85.5 parts 

" Toner 7 0 5 parts 

Polyester resin u.o f 

Polypropylene resin 

p" 85 * 99 P arts 

" Toner 8 0 01 parts 

Polyester resin u* v r 

Polypropylene resin 

"Toner 9" 81 ***** 

Polyester resin 
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Polypropylene resin 5 parts 
"Toner 10" 

Polyester resin 79 parts 

Polypropylene resin 7 parts 

"Toner 11" 

Polyester resin 86 parts 

Ester type resin (II) 1 part 

"Toner 12" 

Polyester resin 86.5 parts 

Ester type resin (II) 0.5 part 

"Toner 13" 

Polyester resin 72 parts 

Ester type resin (II) 15 part 

"Toner 14" 

Polyester resin 67 parts 

Ester type resin (II) 20 part 

"Toner 15" 

Ester type resin (III) 3 parts 
"Toner 16" 

Ester type resin (IV) 3 parts 
"Toner 17" 

Polyester resin 79 parts 

Chloroform-insoluble content in polyester resin 10% by weight 

Magnetic powder (manufactured by Kan to Denka Kogyo ^ arts 
Co., Ltd. under the trade name of r, KEP-S") par S 

"Toner 18" 

Polyester resin 42 parts 

Chloroform-insoluble content in polyester resin 10% by weight 

Polyether polyol resin (manufactured by Mitsui 
Chemicals) 



42 parts 



"Toner 19" 

Polyester resin 42 parts 

Chloroform-insoluble content in polyester resin 10% by weight 

Styrene-acrylic resin (manufactured by Mitsui ^ parts 

Chemicals) 

"Toner 20" 

Polyester resin 85 parts 

Magenta pigment (manufactured by Dainichiseika Color 

& Chemicals Mfg. Co., Ltd. under the trade name of 10 parts 

"ECR181") 

"Toner 21" 

Comparative ester type resin (V) (see the following ^ arts 
formula, manufactured by Nippon Oil & Fats Co., Ltd.) 




Comparative ester type resin (VI) (see the 

formula, manufactured by Nippon Oxl & Fats Co., Ltd.) 

0 

CH, 0C - ( C H 2 ) 30-CH3 



o 

C H * 0C - (CHi ) 3D-CH 



0 




CH 2 0C - (CHi ) 30-CH 



0 

I' N 
C H 2 0C - ( C H 2 ) 30-CH 



Mon^an wax (manufactured by Clariant (Japan) K. K. 
under the trade name of "KP302") 



San wax (manufactured by Clariant (Japan) K. K. 

under the trade name of "OP") 



"Toner 25" 
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10 



15 



name of "100P") 

K. under the trade name of "PE520 ) 

"Toner 27" „ . A v K \ 3 parts 

/n^nnfactured by Kato Yoko K. K. ) ^ 
Carnauba wax (manutactureu w 3f 

trade name of "550P") 
trade name of "660P") 

the trade name of "800P") 
F.vam ple 3 

Preparation of carrier 1: 

Manganese-strontium (Mn-Sr) ferrite particles 
(Powdertech Co.) having an average particle diameter of 
80 as a carrier core material were prepared and then 
the surface of this core material was coated with a 
silicone resin (solid content: 20% by weight, 
m anufactured by TORAY DOW CORNING SILICONE CO., LTD- 
under the trade name of "SR2411") containing a mixture of 

a nigrosine complex and sodium stearate <^» ct «* * 
a nigiur. «- „ n dar the trade name 

Orient Chemical Industries Co., Ltd. under t 
o£ ...u., in a coating weight of 0.1% by we.ght using a 
fluidized bed. After the completion of coating, the 
coated core serial was ba*ed at a temperature * 250 
£ or three hours. As a result, a Mn Sr ernte c ier 
coated with a silicone resrn^w b a £ ^ 
carrier is referred to as carrier x , 
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Example 4 

Preparation of carriers 2 to 12: 

The same method as in Example 3 was repeated to 
prepare carriers coated with a resin. In these examples, 
as described in Table 4 described hereinafter, core 
materials and coating agents of carrier components were 
changed. Change points of the respective carriers are 
summarized as follows. 



"Carrier 2" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 



99 . 5 parts 
0 . 5 parts 



S3 



"Carrier 3" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 

"Carrier 4" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 



99 parts 
1 part 



98 parts 
2 parts 



"Carrier 5" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 



95 parts 
5 parts 



"Carrier 6" 
Silicone resin 



100 parts 



"Carrier 7" 
Silicone resin 

Nigrosine (manufactured by Orient Chemical Industries 
Co. , Ltd. under the trade name of "EX") 



99 parts 
1 part 



"Carrier 8" 
Silicone resin 

Nigrosine (manufactured by Orient Chemical Industries 
Co., Ltd. under the trade name of "EX") 



99.5 parts 
0 . 5 parts 



"Carrier 9" 
Silicone resin 

Nigrosine (manufactured by Orient Chemical Industries 
Co., Ltd. under the trade name of "EX") 



95 parts 
5 parts 



"Carrier 10" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 
Cu-Zn ferrite particles having an average particle 
diameter of 80 pm 

"Carrier 11" 
Silicone resin 

Mixture of nigrosine complex and sodium stearate 
Magnetite particles having an average particle diameter 
of 80 ym 



99 parts 
1 part 

10,000 parts 



99 parts 
1 part 

10,000 parts 
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10 



15 



20 



25 



30 



"Carrier 12" 99 parts 

Silicone resin „ omt5lex and sodium stearate 1 P art 

urn 

Printing test: 

TO evaluate printing character.st.es such as 

i 4-^ 7i nreoared in Examples 1 
fixability of the toners 1 to 31 prepa foll<wing 

and 2, a printing test was earned out in 

procedure. ^ ft silicone 

The toner and the carrier j 
resin prepared in Example 4 were mixed to prepare a 
^eloping agent having a toner concentrate of 4.5* by 

^^titer modification of a high speed 

tiasn y n . tterng we re continuously 

charging toner, document patterns wei 

W as 1.200 mm per second and the quantity of the 

-rrpn; zr:^ — — 

evaluation was carried out with respect to 
characteristics of the following four .terns, 
are shown in Tables 2 and 3 below. 

(U ThlTxlLlity of the toner was evaluated for both 
peelability and rubbing resistance. 

(peelability) rfparee Q f the 

The fixability was evaluated from the degree 

nn« treatment of toner printing, 
durability to a peeling trea ^ by Sumit0 mo 3M) 

After sticking Mending Tape (manufactured y 

• , 0 h -urface of the printed sample while 
on the printed surface v „ opled off. After 

a 1oad of 600 g, the tape was peeled orr. 



assured by an optical densitometer. Prints with a 
change in printing density of 10% or less were rated that 
they have good fixability (expressed by the symbol O in 
the tables!, while others were rated that they have poor 
fixability (expressed by the symbol x in the tables). 

rRnbbina resistance) 

The rubbing resistance was evaluated from the degree 
of the durability to a rubbing treatment of 
printing. A rubbing operation of rubbing while pressing 
a "hit/paper against the printed surface of 
sample at a force of 20 g/cm> was repeated ten times 
After the completion of the rubbing operation, stain 
the rubbed surface of the white paper was visually 
observed. Prints with no stain were rated good (O). 
while others were rated (x). 
(2) Void resistance 

The printed surface of the printed sample was 
observed 'by an optical microscope. ^'^^ 
(white dots, were not recognized were rated that they 
have good void resistance <0>, while others were rated 

poor ( * ) • 

(3) Grindability of toner 

The grindability was evaluated by the 
.average number of particles, of the toner in the form of 
fine particles having a diameter of 5 ^ or less formed 
during grinding of the toner. Samples in which the 
number of the toner in the form of fine particles is 10% 
or less were rated good (O), while others were rated 

poor ( x ) . f 
( 4) Stain resistance in printer (clogging of fxlter 

flash fixing device) 

After printing 100,000 sheets of paper in case of 
continuous printing, the state of clogging of the f i ter 
of the flash fixing device was visually observed. Prints 
Lh no clogging were rated good (O,. while others were 
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rated poor ( x ) . 
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Toner 
31 
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24 
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Toner 
23 


O 
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rH 
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CN 
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Toner 
22 


O 
rH 


rH 


00 


in 


CN 


o 


o 


CO 


o 


o 


o 


Toner 
21 


O 
rH 


rH 


00 


in 


CM 


o 


CO 


o 


o 


o 


o 


Manuf ac turer 


Mitsubishi 
Chemical 


Hodogaya 
Chemical CO. , 
Ltd. 


Kao Corp. 


Mitsui 
Chemicals 


Nippon Oil & 
Fats Co. , Ltd. 


Nippon Oil & 
Fats Co. , Ltd, 


Nippon Oil & 
Fats Co. , Ltd. 


Clariant 
(Japan) K. K. 


Clariant 
(Japan) K. K. 


Mitsui 
Chemicals 


Toner component 


#25 (carbon) 


T-95 (charge controlling 
agent) 


Polyester resin | 


Chloroform-insoluble 
content in polyester 
resin 


NP105 (polypropylene) , 
number -average molecular 
weight: 10,000 


Ester type resin (II) 


Comparative Ester type 
resin (V) 


Comparative Ester type 
resin (VI) 


Montan wax KP302 


Montan wax OP 


Polyethylene 100P, 
number-average molecular 
weight: 900 
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Toner 
22 


o 


o 


o 


o 


o 


o 


Toner 
21 


o 


o 




o 


o 


- o 


Manufacturer 


Clariant 
(Japan) K. K, 


Kato Yoko K. 
K. 


Clariant 
(Japan) K. K. 


Sanyo 

Chemical Ind, 


Sanyo 

Chemical Ind. 


Mitsui 
Chemicals 


Toner component 


Polyethylene PE520 


Carnauba wax 


Amide wax 961 5A 


550P (polypropylene) , 
number -average molecular 
weight: 4,000 


660P (polypropylene) , 
number-average molecular 
weight: 3,000 i 


Polyethylene 800P, ! 
number-average molecular 
weight: 8,000 
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A s is apparent from the results described in Tables 
2 and 3, according to the present invention, an 
Lectrophotographic toner <^ ^Z™^ 
printing characteristics in a flash fixing sy 

obtained. 
F.vample 6 

Continuous printing test: resin- 
To evaluate printing characteristics of the resi 
1 *o 12 Dreoared in Examples 3 and i, 
coated toners 1 to 12 prepar fol iowing 
continuous printing test was carried out in 

Pr ° Ced T r;oner 1 prepared in Example ! and each of the 
resin -coated carriers l to 12 were mixed to prepare a 
developing agent having a toner concentration . of 4.5% by 

■chi- After modification of a high sped printing 
lie ( ««0D. manufactured b y F u 3 itsu Corp , „ th a 

built-in flash fixing device into that suitable for 

„e atively charging toner, document 

continuously printed on plain paper <T [J 
a gent described above. A process speed of th. pri - * 
machine was 1,200 mm per second and the quantity 

to „er ~ d "tLr^t'usInreari-er, evaluation 
in the printing test using « i-he 

was carried out with respect to 

following six items. The results are shown in 

below. 

111 ^if^t. of the resulting printed sample 
„ as visually observed at an initial stage of printih . 
Prints in which satisfactory printing was carried 
were rated good (O,. while others were rated poor <*>. 

/ o ^ Deposition of carrier -^-mv 
' ' to evaluate stain of the printer, it was visua ly 
observed whether the carrier is depo site in th prrnte 
samples in which any deposition was not recogni 
rated good <0>, while others were rated poor «x,. 
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10 



(3 ) Life of carrier ^ number 

Continuous printing was carried 
of sheets (unit: ten thousand sheets) achieved up 
life of the carrier was recorded. 

( 4) Problems during life 

continuous printing was carried out up to 
of the carrier, and then the state o£ the prrntrng 
density and that of fog were observed and recorded. 
,5) initial charge quantity of carrier 

Rn initiai charge quantity ( uC/„ of the earner was 
measured and recorded. 

(6 , Charge quantity during life of carrier 

A charge quantity (^C/g) during the life of the 
carrier was measured and recorded. 



Table 4 



Carrier ^ 


lanufacturer C 


;arrier 1 C 


arrxer 2 


:arrier C 
3 


larrier C 
4 


:arrier c 


.arrier 6 


component 

1 

Silicone 
resin ( 
(SR2411) J 


CORAY DOW 
:ORNING 
SILICONE 
:o . , LTD . 


y y . y 


QQ <5 


99 


98 


95 


100 


Nigrosine 

stearic 
acid 
mixture 
(N-ll) 


Drient 
Chemical 
Industries 
Co. , Ltd. 


0.1 


0.5 


1 


2 


5 




Nigrosine 
(EX) 


Orient 
Chemical 
Industries 
Co. , Ltd. 


- 


- 


- 


- 


- 


- 


Mn-Sr 
f errite 
(80 um) 


Co. , Ltd. 


10000 


10000 


1UUUU 


10000 


10000 


10000 


Copper- 
zinc 
f errite 
(80 am) 


Powdertech 
Co . , Ltd . 












- 


Mgnetite 
(80 urn) 


Powdertech 
Co. , Ltd. 


- 


- 


- 


- 


- 


- 


Iron 
content 
(80 urn) 


Powdertech 
Co. , Ltd. 


- 


- 


- 

O 


- 

o 


— 

o 




Initial printing 
Deposition of carrier 
Life of carrier (ten 
thousand sheets) 


o 
o 


o 
o 

80 


o 

>100 


o 

80 


o 

20 


o 

10 


Problem during life 


reduction 
of 

printing 
density 


reductior 
of 

printing 
density 


1 

none 


f ogginc 


f fogging 


reduction 
of 

printing 
density 


Initial charge 
quantity 
<nC/g) 


20 


21 


19 


18 


20 


23 


Initial charge 
quantity during life 

(M-C/g) 


35 


30 


20 


14 


12 


45 
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Initial charge quantity 
rinrina life (-^C/g) 
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vQ c 

BO 

Si 



15 



20 



25 



30 



35 



As is apparent from the results ir > 

BM .i fiP carrier coated with a silicone 
4 when using a specific carrier 

4 r ; sin prepared according to ^"^r.^ a, 
excellent continuous printing results can be 
compared with the case of using a conventional 

C ° at 1„ Ca c r a r se er oi the resin-coated carrier using magnetite 

coated carrier using copper-zinc fernte as a core 

. • ~* f he toner was caused in tne 
material, since missing of the ^ satis factory 
printing area by deposition of the carrier 
Minting could not be carried out at a, , i ^ .* £ 

On the contrary, when using the resin coat 
usi „g a coating agent prepared by adding a ^ 
nigrosine complex and sodium stearate « « "tHf time 
resin, a change in charge quantity with - 
did not occur as shown in Table 4 and, therefore, 
printing could be realized for a long period, 
y.vample 7 

Preparation of binder resins 1 to 13 = 

As described in Table 5 below, a propylene oxide 

adduct of bisphenol A or an ^ , facid 

—thtiirar rr: sr^r-- 

or isophthalic acia i« ,^ rtT ,4- . wpre 

. • «j / a q a crosslinking component) were 
trimellitic acid (as a crossi y he 

„ *i a=v toaether with any one ui 

^ju^-r^ — nf £ying 

ca talysts and have ^'^.T^^tL. and .0=0 

r 1^;^:: :ited «. - 

^C, under ^ced pressure for two hours prepare 



using a mass spectrograph (manufactured by JEOL Ltd. 
under the trade name of ,, SX102A"). As a result, they had 
the molecular weight distribution as summarized in Table 
6 below. 
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Internally- 
additive ester 
(5) 


800 - 1200 
50 


1200 - 1250 
35 


1250 - 1500 
15 


Internally- 
additive ester 
(4) 


800 - 1000 
35 


1000 - 1050 
55 


1050 - 1300 
10 


Internally- 
additive ester 
(3) 


1500 - 1970 
30 


1970 - 2070 
55 


2070 - 2200 
15 


Internally- 
additive ester 
(2) 


1050 - 1200 
35 


1200 - 1250 
45 


1250 - 1400 
20 


Internally- 
additive ester 
(1) 


1250 - 1390 
30 


1390 - 1450 
60 


1450 - 1550 
10 


Molecular weight 


Low-molecular 
weight range 

Ionization 
efficiency (%) 


Highest peak site 

Ionization 
efficiency (%) 


High-molecular 
weight range 

Ionization 
efficiency (%) 
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Example 8 

Preparation of toner 32: 

As described in Table 7 below, the following toner 
components were prepared in the amount described below. 

Binder resin 1 (prepared in Example 7) 87 parts 

Polypropylene resin (weight-average molecular weight: 

10,000, manufactured by Mitsui Chemicals under the trade 1 part 

name of "NP105") 

- , . Carbon (#25, manufactured by 

Colorant * ' * 10 parts 

Mitsubishi Chemical) * 

Charae Sulfonic acid polymer (manufactured 

„ t • „ . by Orient Chemical Industries Co., 2 parts 

controlling agent , , „ . 

Ltd. under the trade name of "N-01") 

5 

These toner components were preliminary mixed by- 
charging in a ball mill and then the mixture was melted 
and kneaded in an extruder heated to 16 0°C. After 
cooling the kneaded mixture to solidify it, the solid 

10 mixture was ground by a hammer mill and then ground into 
fine powder in a jet mill. The fine powder thus obtained 
was classified by an air flow classifier, thereby to 
obtain black fine spherical particles having a volume- 
average particle diameter of 8.5 fim. To the fine 

15 particles of toner thus obtained, 1.5 parts by weight of 
hydrophobic fine silica particles (manufactured by 
Clariant Japan Co., Ltd. under the trade name of 
"H2000/4" ) were externally added in a Henschel mixer. As 
a result, an yellow toner in the form of fine spherical 

20 particles having an average particle diameter of 8.5 jim. 
The resulting toner in the form of fine spherical 
particles is referred to as "toner 32", hereinafter. 
Preparation of toners 33 to 55: 

As described in Table 7 below, twenty-three kinds of 

25 toners in the form of spherical fine powders were 

prepared in the same manner as in case of preparation of 
the toner 32, except that combinations and amounts of the 
toner components were changed. The "ester (1)" described 
in the column of "toner components" is a polyester resin 
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which was derived from the ester component (1), added as 
the ester type resin. 
Example 9 

Preparation of carrier 13: 
5 Manganese-strontium (Mn-Sr) ferrite particles having 

an average particle diameter of 80 \xm (manufactured by 
Powdertech Co., Ltd. ) as a carrier core material were 
prepared and then the surface of this core material was 
coated with a silicone resin (solid content: 20% by 
10 weight, manufactured by TORAY DOW CORNING SILICONE CO., 

^ LTD. under the trade name of "SR2411" ) in a coating 

y3 weight of 0.1% by weight using a fluidized bed. After 

^ the completion of coating, the coated core material was 

j» baked at a temperature of 2 50 °C for three hours. As a 

15 result, a Mn-Sr ferrite carrier coated with a silicone 
'T resin was obtained. The resulting carrier is referred to 

H as "carrier 13", hereinafter. 

Example 10 
42 Printing test: 

20 To evaluate printing characteristics such as the 

fixability of the toners 32 to 55 prepared in Example 8, 
a printing test was carried out in the same procedure as 
in the printing test described in Example 5. 

The toner and the carrier 13 coated with a silicone 
25 resin prepared in Example 9 were mixed to prepare 

developing agents 32 to 55 having a toner concentration 
of 4.5% by weight (see, Table 7 below). 

After modification of a high speed printing machine 
(F6760D, manufactured by Fujitsu Corp.) with a built-in 
30 flash fixing device into that suitable for a negatively 

charging toner, document patterns were continuously 
printed on plain paper using each developing agent 
described above. A process speed of the printing machine 
was 1,200 mm per second and the quantity of the toner 
35 consumed was about 1 kg per hour. 

In the printing test using each developing agent, 
evaluation was carried out with respect to 
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characteristics of the following The r " Ul " 

are shown in Table 7 below. 

(1) Fixability (peelability) 

The fixability was evaluated from the degree of the 

durability to a peeling treatment of toner printxng. 

tfler string Mending Tape manufactured by Sumitomo 3»> 

on the printed surface of the printed samp e whi 

applying a load of 600 g, the tape was peeled off. *t« 
pi's ling off the tape, a change in printing density was 
, measured by an optical -s itometer • ^ ^ ^ 

change in printing ensi y^ »% o £ ^ ^ 

they have permissible fixaDin^y v f 
A in the tables,, prints with a change in printin r_ 
density of 10% or less were rated that they have good 
s fixability (O, . Prints with a change in printing density 
o£ 5% or less were rated that they have excellent 
fixability (® ), and others were rated poor <x>. 

(2) Void resistance 

The printed surface of the printed sample was 
,0 observed by an optical microscope. Prints in which 

slight voids .white dots, were recognized were rated that 
they have permissible void resistance , * 0 pr-t-n 
which voids were not recognized were rated that they 
g ood fixability (O), and others were rated poor (x). 

25 (3, Grindability of toner 

T he grindability was evaluated by the 
(ave rage number of particles, of the toner in the form of 
fine particles having a diameter of 5 urn or less formed 
during grinding of the toner. Samples in which the 

: r £ r:::: rtiz:t; •«« P — - - or ie SS 

were rated good (O,. and others were rated poor ,«,. 

,4, Printer stain resistance (clogging of filter of flash 

35 fixing device) 
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After printing 100,000 sheets of paper by continuous 
printing, the state of clogging of the filter of the 
flash fixing device was visually observed. Prints with 
slight clogging were rated pass (A), prints with no 
clogging were rated good (O), and others were rated poor 
(x) . 
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Industries Co. , Ltd. 


Mitsui Chemicals 


Kato Yoko K. K. 1 


Sanyo Chemical Ind. 
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Co. , Ltd. 




Toner concentration 


1 Fixability 1 Peelability 


Void resistance 


Grindability of toner 


Stain of printer (clogging of filter) 


Toner component 


Binder resin 


#25 (carbon) 


N-01 (charge 
controlling agent) 


NP 105 

(polypropylene) 


Carnauba wax 


550 P (polypropylene) 


660P (polypropylene) 


Ester (1) 


Developing agent 
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Example 11 

Continuous printing test: 

To evaluate lifetime characteristics of the 
developing agents 32, 37 to 43 and 46 prepared in Example 
8, a continuous printing test was carried out using the 
following procedure . 

The toner corresponding to each developing agent and 
the resin-coated carrier 13 were mixed to prepare a 
developing agent having a toner concentration of 4.5% by 
weight. After modification of a high sped printing 
machine (F6760D, manufactured by Fujitsu Corp.) with a 
built-in flash fixing device into that suitable for 
negatively charging toner, document patterns were 
continuously printed on plain paper using each developing 
agent prepared described above. A process speed of the 
printing machine was 1,200 mm per second and the quantity 
of the toner consumed was about 1 kg per hour. 

In the printing test using each toner, evaluation 
was carried out with respect to characteristics of the 
following five items. The results are shown in Table 8 
below. 

(1) Life of carrier 

Continuous printing was carried out and the number 
of sheets (unit: ten thousand sheets) achieved during the 
life was recorded. The life was evaluated depending on 
the time when a change in charge quantity is reduced to 
half of an initial value. 

(2) Judgment of life 

The life was judged depending on the number of 
sheets achieved during the life of the developing agent. 
Samples in which the life of the developing agent is 
1,500,000 or more were rated excellent (® ), samples in 
which the life of the developing agent is 1,000,000 or 
more were rated excellent (O), and others were rated 
(x) . 

(3) Problems during life 



Continuous printing was carried out up to the life, 
and then the state of the printing density and that of 
fogging during the life were observed and recorded. 

(4) Initial charge quantity of carrier 

An initial charge quantity ({iC/g) of the carrier was 
measured and recorded. 

(5) Charge quantity during the life of carrier 

A charge quantity (\xC/g) during the life of the 
carrier was measured and recorded. 
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As is apparent from the results described in Tables 
7 and 8, if the ester component is introduced in the 
molecule of the polyester resin according to the present 
invention, the fixability and void resistance are 
effectively improved, however, the life tends to be short 
as compared with the case where no ester component is 
introduced. The reason of this tendency is as follows. 
That is, it is difficult to disperse the ester component 
in the preparation of the toner because of a small 
molecular weight of the ester component and poor 
compatibility with the polyester resin, resulting in 
filming to the carrier. Therefore, it can be confirmed 
that the addition (internal addition) of the ester 
component in the polyester resin is effective for 
prolongation of the life. This is because the 
dispersibility is improved by an improvement in 
compatibility with the polyester resin, thereby to 
effectively prevent filming of the carrier. 

Industrial Applicability 

As described above, the electrophotographic toner of 
the present invention can realize excellent fixing 
strength of the toner and prevent the occurrence of voids 
peculiar to flash fixation and the occurrence of fuming 
and odor during the fixation, and also which can be 
prepared in an efficient and stable manner without 
causing stain of a printing apparatus and clogging of a 
desmoking/deodorizing filter due to sublimation of a 
toner component and is stable for a long period. This 
electrophotographic toner is best suited for use in an 
electrophotographic process employing a flash fixing 
system. When using the toner of the present invention, 
fuming occurred in case of flash fixation using a 
conventional toner can be prevented and, therefore, it is 
made possible to eliminate an unpleasantness, such as an 
odor generated on fuming, and to eliminate a complicated 
operation such as the replacement of the filter. 



